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Outline 

•  Exoplanetary Systems overview 
•  Kepler’s haul 
•  Individual Systems: 

– KOI-730, Kepler-11, -18, and -16 



Radial Velocity Multiple Planets 



Low-mass planets:  
a different population? 



Resonances 

HD 40307 

55 Cnc 



55 Cnc b-c 

Novak, Lai, Lin 2003 
see also: Terquem & 

Papaloizou 2008 
 

 



Kepler 
Mission 

•  NASA, photometry of 150,000 stars 
•  Looking for Earth-like planets in transit 
•  ~40 ppm in 6 hours; 30 minute cadence 
•  210 days are public! 



Kepler finds Multiplanets 

(Steffen et al. 2010)  Transit search and figures by Jason Rowe 



Numbers of multiplanets: 
    115 doubles, 45 triples, 8 quaduples,  
    1 quintuple and 1 sextuple 

             Borucki et al. 2011 
 Latham, Rowe, Quinn et al. 2011 

Lissauer, Ragozzine, Fabrycky et al. 2011 



Kepler systems 





Kepler Orrery 

•  http://www.youtube.com/watch?
v=qRJ30fkyiU4 



Resonance Preference 



Resonance Preference 



Kepler-11 

Lissauer, Fabrycky, Ford et al. 2011 









Kepler-11 parameters 



Fortney, Lopez, Miller 



Image: NASA/Pyle 



Kepler-18 



Planet Period 
(days) 

Mass  
(MEarth) 

b 3.5 12 ± 5 

c 7.6 15 ± 5 

d 14.9 28 ± 7 



= 7.6416 days = 14.8589 days 

 



fGE 

“Great Inequality”  
  frequency: 
     fGE=2/ -1  
          = 0.0037 d-1 
          or 270 days 
 
 
 



The Great Inequality is observed! 

fGE 



Kepler-18 tests TTV masses 

Planet Period 
(days) 

RV Mass  
(MEarth) 

TTV Mass  
(MEarth) 
 

TTV+RV Mass  
(MEarth) 

b 3.5 12 ± 5 18 ± 9 6.9 ± 3.4 

c 7.6 15 ± 5 17.3 ± 1.7 17.3 ± 1.9 

d 14.9 28 ± 7 15.8 ± 1.3 16.4 ± 1.4 
 





Planets in Binaries 
~50 systems known, 
via Doppler plus 
imaging follow-up 

But can we find 
planets orbiting 
both stars? 



Kepler-16(AB)b 

credit: Tim Pyle (NASA) 

•  http://www.youtube.com/watch?
v=0MfRo0eC1ks 

•  http://www.youtube.com/watch?
v=AaE0KK7m3VA 







The mass of b? 



Eclipse Timing Variations 

2/Pb 

~1 minute scale  ~1 MSaturn / MSun 





Accurate Masses and Radii 





and that’s not all… 

Winn et al.  
Spin-orbit 
measurement: 
λ=1.6°±2.4° 



New Views of Exoplanets from Kepler 

Timing Variations of transiting planets 
•  Nails down the properties of multiply-eclipsing systems 
•  The best hope for confirming habitable planets 

Planets around binaries   
•  First solid detection: a transiting example 

Precision period ratios of transiting planets 
•  Information on migration at an early epoch 



KOI-126: A Triply Eclipsing Hierarchical 
Triple with Two Low-Mass Stars 

Carter, Fabrycky, Ragozzine et al. 2011, Science 



P1 = 1.77 d, P2 = 33.9 d 
imutual =9.2o, oscillating by 0.4o 


